Searching PAJ 



1/1 ^—iP 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 2003-1 72690 

(43)Date of publication of application : 20.06.2003 



C51)IntCl 



GOtN 21/17 
A61B 10/00 



C21)Application number : 2001-374702 
(22)Date of filing : 07.1 2,2001 



(71) Applicant 

(72) Inventor : 



OLYMPUS OPTICAL CO LTD 

ISHIHARAYASUNARI 
HIRATA TADASHI 
HORII AKIHIRO 



(54) OPTICAL IMAGING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize an optical imaging device 
which is not influenced by a change in a polarization state and In 
which an optical path length is ac|justed easily even when an 
optical probe is replaced and used, 

SOLUTION: In the optical imaging device 3, low-coherence light 
generated by a low-coherence light source 21 in a device 
mainframe 10 is transmitted to an optical fiber 25 in the optical 
probe 9 via an optical connector part 20 from an optical fiber 22, 
The greater part of the low-coherence light transmitted to a tip- 
side end face 25a of the optical fiber 25 is transmitted as 
observation light to an objective lens 26 arranged and installed on 
the tip side of the optical probe 9 so as to be condensed in a 
target part on a specimen 8. Reflected light and scattered light in 
the target part on the specimen 8 are partly returned again to the 
device mainframe 10 as return observation light. A part of the low- 
coherence light transmitted to the tip-side end face 25a of the 
optical fiber 25 is reflected and separated in the tip-side end face 
25a as a first light separation means so as to be returned again to 
the device mainframe 10 as return reference light. 
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[Claim(s)] 

[Claim 1] the insertion section which condenses the low coherence light &om the low coherence light 
source to analyte, and incorporates the return light from this analyte — and In the optical imaging 
instrument which has the body of equipment which builds the tomogram for analyte tcom the return light 
which connected and incorporated this insertion section The optical means of communication which the 
low coherence light generated in said low coherence light source is made to transmit, and is irradiated to 
analyte, In order to provide an optical separation means to divide said low coherence light into 
observation light and a reference beam and to double the polarization condition of said observation light 
and reference beam The optical imaging instrument characterized by establishing said optical separation 
means between the termination of said interior of an optical means of communication, or said optical 
means of communication, or said optical means of communication and analyte. 

[Claim 2] The optical imaging instrument according to claim 1 with which the observation light separated 
with said optical separation means and a reference beam are characterized by having the same optical axis 
in at least said interior of an optical means of communication, or the part between said optical means of 
communication and anaiytes, 

[Claim 3] The optical imaging instrument according to claim 1 with which the observation light which has 
the optical interference means in which the return observation light by dispersion or echo and said 
reference beam of said observation light from analyte are made to interfere, and was separated with said 
optical separation means, and a reference beam are characterized by to have the same optical axis [ before 
/ at least / a part of / said interference means ] while said interior of an optical means of communication, 
or said optical means of communication and analyte. 

[Claim 4] The optical imaging instrument according to claim 1 characterized by establishing an 
optical-path-length difference generation means to generate the optical-path-length difference of said 
observation light and said reference beam. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention condenses low coherence light to analyte, and relates to the optical 
imaging instrument which builds the tomogram for analyte from the information on the return light from 
the analyte. 
[0002] 

[Description of the Prior Art] In recent yeai's, the optical imaging instrument called OCT (Optical 
Coherence Tomography) is used widely The above-mentioned optical imaging instrument condenses to 
analyte the light of the low coherence generated in the light source, is scanning a focal location in that 
case, and builds the tomogram inside analyte from the information on the return light from the analyte. 
[0003] The low coherence light from the low coherence light source is condensed to analyte, and what has 
the body of equipment which builds the tomogram for analyte from the insertion section which 
incorporates the return light from this analyte, and the return light which connected and incorporated this 
insertion section is proposed as such an optical imaging instrument is indicated by JP, 1 1 -7243 1 ,A, 
[0004] The optical system of the conventional optical imaging instrument divides into observation light 
and a reference beam the low coherence light generated in the low coherence light source with an optical 
separation means, scans this separated observation light to analyte, and condenses to analyte. And a part 
of reflected light of the analyte from the focus and scattered light pass along the above-mentioned optical 
path as a return observation light, and it returns to an optical separation means side again. 
[0005] On the other hand, it is reflected with a reference beam means of communication, and the 
reference beam separated with the optical separation means is again returned to an optical separation 
means side. A reference beam has the optical path length adjusted at this time, so that it may become 
almost equal to the optical path length of observation light. And an almost equal return reference beam 
and the return observation light from an analyte side interfere, and these optical path lengths are detected 
by the photodetector which is a photodetection means. The signal of light in which it restored to the 
output of this detector and interfered is extracted. After the signal of the extracted light is changed into a 
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digital signal, signal processing is carried out and the image data corresponding to a tomogram is 
generated. And the generated image data is displayed as a :^lt image of analyte with a monitor. 
[0006] 

[Problem(s) to be Solved by the Invention] However^ since the above-mentioned conventional optical 
imaging instrument had the separate optical path of observation light and a reference beam, when these 
observation light and a reference beam interfered, it had the problem that a mutual polarization condition 
will change and the reinforcement of an interference light will change by change of each polarization 

condition. 

[0007] Moreover, when the above-mentioned conventional optical imaging instrument exchanged the 
insertion section from the body of equipment, after the optical path length in the insertion section changed 
a lot by the difference between individual difference or a class, optical-path-length adjustment of a 
reference beam optical path was difficult for it. 

[0008] This invention aims to let optical-path-length adjustment offer an easy optical imaging instrument, 
also when the insertion section is exchanged and used, without being made in view of the 
above-mentioned situation, and being influenced by change of a polarization condition. 
[0009] 

[Means for Solving the Problem] Claim 1 of this invention condenses the low coherence light from the 
low coherence light source to analyte. In the optical imaging instrument which has the body of equipment 
which builds the tomogram for analyte from the insertion section which incorporates the return light from 
this analyte, and the return light which connected and incorporated this insertion section The optical 
means of communication which the low coherence light generated in said low coherence light source is 
made to transmit, and is irradiated to analyte. In order to provide an optical separation means to divide 
said low coherence light into observation light and a reference beam and to double the polarization 
condition of said observation light and reference beam, it is characterized by establishing said optical 
separation means between the termination of said interior of an optical means of communication, or said 
optical means of communication, or said optical means of communication and analyte. Moreover, claim 2 
of this invention is characterized by the observation light separated with said optical separation means and 
a reference beam having the same optical axis in at least said interior of an optical means of 
communication, or the part between said optical means of commxmication and analytes in the optical 
imaging instrument of claim 1. Moreover, claim 3 of this invention is set to the optical imaging instrument 
of claim 1. It has the optical interference means in which the return observation light by dispersion or 
echo and said reference beam of said obsei-vation light jfrom analyte are made to interfere. The observation 
light and the reference beam which were separated with said optical separation means are characterized by 
having the same optical axis [ before / at least / a part of / said interference means ], while said interior of 
an optical means of communication, or said optical means of communication and analyte. Moreover, 
claim 4 of this invention is characterized by establishing an optical-path-length difference generation 
means to generate the optical-path-length difference of said observation light and said reference beam in 
the optical imaging instrument of claim 1 . Also when the insertion section is exchanged and used by this 
configuration, without being influenced by change of a polarization condition, an optical imaging 
instrument with easy optical-path-length adjustment is realized. 
[0010] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. 

Drawing 1 thru/or drawing 10 start the gestalt of operation of the 1st of this invention. (Gestalt of the 1st 
operation) The block diagram showing the optical imaging system by which di'awing 1 was equipped with 
the gestalt of operation of the 1st of this invention. The outline block diagram in which drawing 2 shows 
the optical imaging instrument of the gestalt of operation of the 1st of this invention. The detail block 
diagram of the optical imaging instrument of drawing 2 and drawing 4 drawing 3 The head side block 
diagram of the optical probe of drawing 3 , The head side block diagram of the optical probe which 
drawing 5 shows the 1st modification of drawing 4 , the head side block diagram of the optical probe 
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which drawing 6 shows the 2nd modification of drawing 4 , The block diagram in which drawing 7 shows 
the modification of the optical-path-length difference generation section, the explanatory view in which 
drawing S R> 8 shows the filter revolution base of drawing 7 , The block diagram in which drawing 9 
shows the modification of a distributed controller, the head side block diagram of the optical probe which 
drawing 10 shows the modification of the 1st optical separation means, the head side block diagram of the 
optical probe which drawing 11 shows the 3rd modification of drawing 4 R> 4, and drawing 1212 are 
outline enlarged drawings of drawing 1 1 , 

[001 1] The optical imaging system 1 equipped with the gestalt of operation of the 1st of this invention as 
shown m drawing 1 consists of endoscope equipment 2 and an optical imaging instrument 3. In addition, 
although the optical imaging system I of the gestalt of this operation is constituted so that it may combine 
with endoscope equipment 2, it can constitute a system only for optica! imaging instrument 3, 
[0012] The light equipment 6 for endoscopes and the video processor 7 are connected to the electronic 
endoscope (the following, endoscope) 4 equipped with the image pick-up means which is not illustrated 
through the universal cable 5, enabling free attachment and detachment, and endoscope equipment 2 is 
constituted* 

[0013] The optical imaging instrument 3 has the flexibility which can be inserted in the living body, 
connects the low coherence light from the below-mentioned low coherence light source for the optical 
probe 9 and this optical probe 9 as the insertion section which condenses to the object part of analyte 8, 
enabling free attachment and detachment, and consists of bodies 10 of equipment which build the 
tomogram for analyte 8 from the return light from the object part of analyte 8. 

[0014] An endoscope 4 has the insertion section 11 of ''"^ length which can be inserted into a coelome, and 
the control unit 12 of **** is formed in the back end of this insertion section II, The forceps insertion 
opening 13 is formed near the back end of this insertion section 11 ^ and the endoscope 4 is opening this 
forceps insertion opening 13 for free passage with the channel 14 for forceps insertion in that interior. 
[0015] The light guide which does not illustrate an endoscope 4 in this insertion section 11 is inserted in. 
This light guide inserts in the universal cable 5, and illuminates anals^s, such as the affected part, from 
the illumination window which the illumination light was transmitted from the light equipment 6 for 
endoscopes, and was jprepared in the point of the insertion section 11. Moreover, the object optical system 
and image pick-up equipment which are not illustrated to the attached observation port which adjoined the 
illumination window are formed, and an endoscope 4 picturizes analyte images, such as the illuminated 
affected part. The image pick-up signal from the image pick-up equipment of an endoscope 4 is 
transmitted to the video processor 7 through the signal line which inserts in the universal cable 5 and 
which is not illustrated. And the video processor 7 carries out signal processing of the transmitted image 
pick-up signal, transmit it to a monitor 15, and displays endoscope image 15a. 

[0016] From the forceps insertion opening 13 of the endoscope 4 with which the optical probe 8 which 
constitutes the optical imaging instrument 3 constitutes endoscope equipment 2, through the channel 14 
for forceps insertion, the optical imaging system 1 makes an end-of-the-probe side project from the head 
opening, and is used. And under observation of an endoscope 4, to the object part of analytes, such as the 
affected part, the optical imaging system 1 irradiates low coherence light, obtains the fault image data of 
the object part, and can display OCT image 15b now on the screen of a monitor 15 with the optical probe 
8. 

[0017] As shown in drawing 2 , probe side optical connecter section 20b of the optical probe 9 can 
coimect the optical Imaging instrument 3 to body side optical connecter section 20a of the body 10 of 
equipment free [ attachment and detachment ], and the optical probe 9 has exchangeable composition to 
the body 10 of equipment 

[0018] The body 10 of equipment has the low coherence light sources 21, such as super-high brightness 
light emitting diode (below a super luminescent diode, SLD, and brief sketch). That wavelength is 
1310nm and the low coherence light generated in this low coherence light source is equipped with the 
description of low coherence which shows coherence only in a short range [ as / that coherence length of 
whose is about 17 micrometers ]. That is, this low coherence light is detected as a light in which it 
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interfered when were mixed again and the difference of the two optical path lengths to the point mixed 
&om the separated point was in a short range which is about 17 micrometers after separating into two, and 
shows the property in which it does not interfere when the optical path length is larger than it. 
[0019] Incidence of this low coherence light is carried out to the end of a single mode fiber (foiiowing, 
only optical fiber) 22 from the low coherence light source 21, and it is transmitted to an other-end side 
(head side edge side) side. This optical fiber 22 is combined with the optical coupler 23 as 2nd 
intermediate optical separation means as optically as an optical fiber 24. Therefore, with this optical 
coupler 23, the return light fi*om anaiyte branches to an optical fiber 24, and low coherence light is 
transmitted to the below-mentioned photodetection section side. In addition, without using the optical 
coupler 23, the body 10 of equipment may be constituted so that the return light from anaiyte may branch 
to an optical fiber 24. 

[0020] The low coherence light transmitted to the head side of an optical fiber 22 (optical coupler 23) will 
be transmitted to the optical probe 9 through these optical connecter section 20, if probe side optical 
connecter section 20b is connected to body side optical connecter section 20a. 

[0021] The low coherence light transmitted to the optical probe 9 is transmitted to the other-end side (head 
side edge side) 25a side of the optical fiber 25 installed fi-om probe side optical connecter section 20b. 
That most is transmitted to the objective lens 26 arranged in the head side of the optical probe 9 as an 
observation light, and the low coherence light transmitted to head side edge side 25a of this optical fiber 
25 is condensed by the object part of anaiyte 8 with that focus with this objective lens 26. And a part of 
reflected light of the object part of the anaiyte 8 from the focus and scattered light pass along the 
above-mentioned optical path as a return observation light, and it returns to the optical coupler 23 side of 
the body 10 of equipment again. 

[0022] On the other hand, reflective separation is carried out by head side edge side 25a as 1st optical 
separation means to mention later, and a part of low coherence light transmitted to head side edge side 25a 
of an optical fiber 25 returns to the optical coupler 23 side of the body 10 of equipment again as a return 
reference beam. And the return observation light and the return reference beam which returned to the 
optical coupler 23 side branch to an optical fiber 24 with this optical coupler 23, and are transmitted to the 
head side edge side of this optical fiber 24. 

[0023] The return observation light and the return reference beam which were transmitted to the head side 
edge side of this optical fiber 24 have the optical path length adjusted in the optical-path-length difference 
generation section 31 so that these optical-path-length differences may be in agreement. Adjustment of the 
optical path length is performed by the actuator 34 where the optical-path-length difference generation 
section 31 is controlled by the control section 33 synchronizing with the signal from the photodetection 
section 32 at this tune. 

[0024] And it interferes in the reference beam and observation light with these equal optical path lengths 
within the optical path of the optical-path-length difference generation section 31. This interference light 
is received in the photodetection sections 32, such as a photodiode. The photodetection section 32 carries 
out photo electric translation of the interference light to an interference electrical signal, and this 
interference electrical signal by which photo electric translation was carried out is amplified with 
amplifier etc., and is inputted into the signal-processing section 35. The signal-processing section 35 
performs and carries out A/D conversion of the recovery processing which extracts only the signal part of 
observation light for the inputted interference electrical signal, and outputs a digital signal to a control 
section 33. 

[0025] A control section 33 generates the image data corresponding to a tomogram from the inputted 
digital signal. And the generated image data is outputted to a monitor 15 through the video processor 6, 
and OCT image 15b of anaiyte 8 is displayed on this display screen. 

[0026] Next, the detail configuration of the optical imaging instrument 3 is explained using drawing 3 and 
drawing 4 . First, the configuration by the side of the head of the optical probe 9 is explained. As shown in 
drawing 3 and drawing 4 , head side edge side 25a of an objective lens 26 and an optical fiber 25 is 
prepared in the light-scanning unit 36 in one. While, as for this light-scanning unit 36, a 2-dimensional 
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scan (XY scan) is performed to the object part of analyte 8 by forming the actuators 37, such as a PZT 
component, as a light-scanning means, forward/backward moving is carried out in the direction of an 
optical axis (Z shaft orientations), and a vertical scanning is performed in the direction of the depths to the 
object part of analyte 8. This actuator 37 is driven by the actuator 34. 

[0027] On the other hand, head side edge side 25a of an optical fiber 25 carries out reflective separation of 
a part of transmitted low coherence light as a return reference beam as 1 st optical separation means. By 
this, the return observation light by which incidence is carried out to head side edge side 25 a of an optical 
fiber 25, and the return reference beam by which reflective separation is carried out by head side edge side 
25a of an optical fiber 25 serve as an optical-path-length difference of 2xdeltaL, The optical-path-length 
difference generation section 3 1 adjusts the optical path length so that the optical-path-iength difference of 
this return observation light and a return reference beam may be in agreement. 

[0028] Next, the optical-path-length difference generation section 31 is explained. The return observation 
light and the return reference beam which were delivered that it mentioned above to the head side edge 
side of an optical fiber 24 are made into parallel light with the parallel lens 41 of the optical-path-length 
difference generation section 31, and are separated into observation light and a reference beam by the half 
mirror 42 which is the 3rd optical separation means. 

[0029] hicidence of the return observation light separated by the half mirror 42 is carried out to the 
observation light side reflective mirror 43. The piezoelectric device 44 has pasted up the observation light 
side reflective mirror 43 on this lower part side as a light modulation means. This piezoelectric device 44 
vibrates the observation light side reflective mirror 43 in the direction of an optical axis by a driving 
signal being impressed from an actuator 34. Light modulation is carried out, it is reflected and the 
observation ligiht by which incidence is carried out to this observation light side reflective mirror 43 
returns to a half mirror 42 side again. 

[0030] On the other hand, distributed adjustment is carried out by the optical distribution controller 45 as 
an optical distribution adjustment means, it is reflected in the direction of an optical axis by the reference 
beam side reflective mirror 46 in which forward/backward moving is possible, and the return reference 
beam separated by the half mirror 42 returns to a half mirror 42 side again. This reference beam side 
reflective mirror 46 is formed in the reference beam side stage 47 in which forward/backward moving is 
possible, and has the optical path length of a reference beam adjusted in the direction of an optical axis. 
[0031] This reference beam side stage 47 is driven by the actuator 34^ and forward/backward moving is 
carried out in the direction of an optical axis so that the optical path length of ail observation optical paths 
and the optical path length of all reference beam ways may be in agreement. Furthermore, specifically, the 
optical path length with a half mirror 42 - the reference beam side reflective mirror 46 is set to Lr/2. 
Moreover, the optical path length with a half mirror 42 - the observation light side reflective mirror 43 is 
set to Ls/2. 

[0032] In order that a control section 33 may cancel optical-path-length difference 2xdeltaL of the optical 
fiber 25 within the optical probe 9 mentioned above, an actuator 34 is driven so that the optical path 
length of a reference beam and the optical path length of observation light may be set to Lr=LsH-2deltaL^ 
and forward/backward moving of the reference beam side stage 47 is carried out in the direction of an 
optical axis. And these optical path lengths interfere in almost equal reference beam and observation light 
by the optical path from a half mirror 42 side. That is, a half mirror 42 serves as the interference means 
while being the 3rd optical separation means. And it is condensed with the detection side condenser lens 
48, and this interference light is received in the photodetection section 32. 

[0033] By this, by the gestalt of this operation, since the optical path of observation light and a reference 
beam is the same to head side edge side 25a of the optical fiber 25 of the low coherence light source 21 - 
the optical probe 9, the polarization condition of these observation light and a reference beam interferes in 
the condition of having been mostly in agreement, and it is lost that the reinforcement of an interference 
light changes by change of a polarization condition. Moreover, also when the optical probe 9 is exchanged 
and used with the gestalt of this operation, optical-path-length adjustment is easy. 

[0034] Thus, as mentioned above, fh>m the forceps insertion opening 13 of the endoscope 4 with which 
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the optical probe 8 is inserted into a coelome, through the channel 14 for forceps insertion, the optical 
imaging system 1 constituted makes the head opening to an end-of-the-probe side project, and is used. In 
addition, the optical probe 9 of the optical imaging instrument 3 is independently inserted in the optical 
imaging system 1 uito a coelome etc., and it may be used. Moreover, it may be made to unite with the 
above-mentioned endoscope etc, and the optical imaging instrument 3 may be constituted. Furthermore, 
the optical imaging instrument 1 may be used together with other observation means and treatment means, 
and may be used. And to the body tissue of analyte 8, the optical imaging instrument 3 condenses low 
coherence light from the optical probe 9, obtains the fault image data inside the body tissue, and displays 
OCT image ISb on the screen of a monitor 15. 

[0035] Here, since analyte 8 differs from the observation object part, the optical probe 9 with which die 
length differs extremely may be exchanged and used for the optical imaging instrument 3. As mentioned 
above, since the optical path of observation light and a reference beam is the same to head side edge side 
25a of the optical fiber 25 of the low coherence light source 21 - the optical probe 9, also when the optical 
probe 9 is exchanged and used, optical-path-length adjustment is easy for the optical imaging instrument 3 
while it is lost that the polarization condition of observation light and a reference beam interferes in the 
condition of having been mostly in agreement, and the reinforcement of an interference light changes by 
change of a polarization condition. 

[0036] Consequently, without being influenced by the polarization condition of low coffee RENSU light 
also when the optical probe 9 is exchanged and used, optical-path-length adjustment is easy and the 
optical imaging instrument 3 of the gestalt of this operation can obtain an OCT tomogram certainly. 
[0037] In addition, as shown in drawing 5 , the optical fiber 25 of the optical probe 9 interior may prepare 
and constitute the reflective coat film 50 in head side edge side 25a which is the 1st optical separation 
means. Thereby, it can be further mcreased by the return reference beam reflected from head side edge 
side 25a of an optical fiber 25. 

[0038] Moreover, as shown in drawing 6 , XY reflective mirror scan 51 may be used for light-scanning 
imit 36B instead of an actuator 37 as a light-scanning means, and it may constitute it so that a horizontal 
scanning may be performed. This XY reflective mirror scan 51 is formed in the head side of a condenser 
lens 26. 

[0039] And incidence of the observation light from a condenser lens 26 is carried out to XY reflective 
mirror scan 51, and it is scanned by the applicable horizontal direction to analyte with this XY reflective 
mirror scan 51. Here, to analyte, observation light is scanned in the direction of Y by Y scan mirror 51a, 
next is scanned in the direction of X by X-scanning mirror 51b. In addition, these X-scanning mirror 15 ib 
and Y scan mirror 51a are driven by the actuator 34 like an actuator 37. 

[0040] And the observation light scanned with these XY(s) reflective mirror scan 51 (51a, 51b) is 
irradiated by the object part of analyte 8 through an observation port 52. In this case, optical-path-length 
difference 2xdeltaL of observation light and a reference beam becomes twice an optical path to the object 
part of head side edge side 25a of an optical fiber 25 - analyte 8. In addition, XY reflective mirror scan 51 
(51a, 51b) may consist of making forward/backward moving carry out in the direction of an optical axis 
(Z shaft orientations) so that a vertical scanning may be performed in the direction of the depths to the 
object part of analyte 8. 

[0041] Moreover, as shown in drawing 7 and drawing 8 , the optical-path-length difference generation 
section 3 1 may prepare and constitute the filter revolution base 53 in which the adjustable dimming filters 
53a-53f were formed as an optical attenuating means which decreases the amount of transmitted lights 
between a half mirror 42 and the reference beam side reflective mirror 46, when the reference beam which 
carries out incidence is too strong in the photodetection section 32 compared with observation light. In 
addition, this filter revolution base 53 is driven by the actuator 34, Thereby, a reference beam serves as 
suitable reinforcement compared with observation light, and the optical-path-length difference generation 
section 31 can obtain the optimal OCT tomogram. 

[0042] Moreover, the optical-path-length difference generation section 31 may use for and constitute 
Gratings 54a and 54b and Lenses 55a and 55b Instead of the optical distribution controller 45, as shown in 
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drawing 9 . In this case, lens 55a is prepared in the direction of an optical axis on the stage 56 in which 
forward^jackward moving is possible, and it is driven by the actuator 34 so that optimal distributed 
adjustment may be performed. Thereby, a return reference beam becomes possible [ distributed 
adjustment being carried out the optimal and interfering with observation light from the optical path of a 
half mirror 42 

[0043] Moreover, as shown in drawing 10 , a reference beam may not be separated by head side edge side 
25a of an optical fiber 25 as 1st optical separation means, but you may constitute so that reflective 
separation of the reference beam may be carried out by the optical path of a before [ from head side edge 
side 25a of an optical fiber 25 / a condenser lens 26 ], Light-scanning unit 36C prepared in the head side 
of the optical probe 9 has formed the parallel lens 57 and the half mirror 58 in fix^m head side edge side 
25a of an optical fiber 25 before the condenser lens 26. 

[0044] Low coherence light transmitted to head side edge side 25a of an optical fiber 25 is made into 
parallel light with the parallel lens 57. And the great portion of low coherence light made into this parallel 
light passes a half mirror 58 as an observation light, and it is condensed by the object part of analyte 8 
with the focus of an objective lens 26, 

[0045] And a part of reflected light of the object part of the analyte 8 from the focus and scattered light 
pass along the above-mentioned optical path as a return observation light, and it returns to the optical 
coupler 23 side of tiie body 10 of equipment again. On the other hand, reflective separation is carried out 
by the half mirror 58, and incidence of a part of low coherence light made into parallel light is again 
carried out to head side edge side 25a of an optical fiber 25 as a return reference beam, and it returns to 
the optical coupler 23 side of the body 10 of equipment 

[0046] By this, optical-path-length difference 2xdeltaL of a reference beam and observation light becomes 
twice between the object parts of a half mirror 58 - analyte 8, and it can be made shorter than the 
optical-path-length difierence explained by above-mentioned drawing 4 . ThereforCj^ optical-path-length 
adjustment in the optical-path-length difference generation section 31 can be shortened, and 
optical-path-length adjustment becomes easy further. 

[0047] Moreover, as shown in drawing 1 1 , optical probe 9B may be constituted so that an optical fiber 25 
may be inserted in in a flexible shaft 110 and a rotation scan may be carried out. The flexible shaft 110 is 
connected with the body 10 of equipment free [ attachment and detachment ] by the optical rotary joint 
which this end face side does not illustrate. This optical rotary joint performs association which can 
transmit light in the nonrotation section and the revolution section. 

[0048] Moreover, a flexible shaft 110 is connected to the head side of an optical fiber 25 free [ rotation of 
the inclination refractive-index lens (GRIN lens;Gradient Index lens) 111 and prism 112 ]. Namely, as for 
optical probe 9B, a flexible shaft 110, the inclination refractive-index lens 111, and prism 1 12 are scanned 
by the optical rotary joint in the direction of Rtheta to the object part of analyte 8. 

[0049] The low coherence light transmitted to head side edge side 25a of an optical fiber 25 passes the 
inclination refractive-index lens 111 and prism 112, and incidence is carried out to an observation port 52, 
[0050] And as shown in drawing 12 , the great portion of low coherence light passes an observation port 
52 as an observation light, and it is condensed by the object part of analyte 8. 

[0051] And a part of reflected light of the object part of the analyte 8 from the focus and scattered light 
pass along the above-mentioned optical path as a return observation light, and it returns to the optical 
coupler 23 side of the body 10 of equipment again. On the other hand, reflective separation is carried out 
by the observation port 52, and a part of low coherence light turns into a return reference beam. And it 
passes along the above-mentioned optical path, and returns to the optical coupler 23 side of the body 10 of 
equipment again. 

[0052] At this time, optical-path-length difference 2xdeltaL of observation light and a reference beam 
becomes the twice to the object part of an observation port 52 - analyte 8, For this reason, 
optical-path-length adjustment of the return reference beam is carried out in the optical-path-length 
generation section 31 within the body 10 of equipment so that optical-path-length difference 2xdeltaL 
with observation light may be in agreement, as mentioned above. Therefore, optical probe 9B can be 
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adjusted so that the optical-path-length difference of observation light and a reference beam may be in 
agreement. 

[0053] (Gestalt of the 2nd operation) The block diagram and drawing 1414 in which drawing 13 and 
drawing 14 start the gestalt of operation of the 2nd of this invention, and drawing 13 shows the optical 
imaging instrument of the gestalt of operation of the 2nd of this invention are a head side block diagram 
of the optical probe of drawing 13 . The gestalt of operation of *♦** 2 is constituted so that coincidence 
** of the polarization condition of a reference beam and observation light may be carried out more more 
than the gestalt of implementation of the above 1 St. Since the other configuration is the same as that of the 
gestedt of implementation of the above 1st almost, it omits explanation, and it attaches and explains the 
same sign to the same configuration. 

[0054] That is, as shown in drawing 13 , optical imaging instrument 3B of the gestalt of operation of **** 
2 has linearly polarized light type low coherence light source (following and low coherence light source) 
2 IB which generates the low coherence light of the linearly polarized light, and is constituted. Incidence 
of the low coherence light of the linearly polarized light generated in this coherence light sottrce 2 IB is 
carried out to the end of an optical fiber 22, and it is transmitted through the optical connecter section 20 
to head side edge side 25a of the optical fiber 25 in the optical probe 9 like the gestalt of implementation 
of the above 1st. In addition, the optical coupler 23 used with the gestalt of this operation is a 
plane-of-polarization preservation fiber coupler. 

[0055] And as shown in drawing 14 , outgoing radiation of the low coherence light of the linearly 
polarized light transmitted to head side edge side 25 a of an optical fiber 25 is carried out from head side 
edge side 25a, it is condensed by the object part of analyte 8 with a condenser lens 26, and a part of 
reflected light of the object part of this analyte 8 and scattered light pass along the above-mentioned 
optical path as a return observation light, and it returns to the optical coupler 23 side of the body 10 of 
equipment again. 

[0056] Here, while the observation light by which outgoing radiation is carried out from head side edge 
side 25a of an optical fiber 25 polarizes lambda/4 by the plane-of-polarization revolution components 69, 
such as a faraday rotator which prepared this plane of polarization in light-scanning unit 36D, it polarizes 
lambdaMj and it doubles the return observation light from analyte and polarizes lambda/2. On the other 
hand, reflective separation is carried out by head side edge side 25a like the gestalt of implementation of 
the above 1st, and a part of low coherence light transmitted to head side edge side 2Sa of an optical fiber 
25 returns to the optical coupler 23 side of the body 10 of equipment again. And the return observation 
light and the return reference beam which returned to the optical coupler 23 side branch to an optical fiber 
24 with this optical coupler 23, are transmitted to the optical-path-length difference generation section 60, 
and have the optical path length adjusted so that the optical-path-length difference of return observation 
light and a return reference beam may be in agreement. 

[0057] The return observation light and the return reference beam which were transmitted are made into 
parallel light with the parallel lens 41 of the optical-path-length difference generation section 60, and are 
divided into observation light and a reference beam by the polarization beam splitter 61 which is the 3rd 
optical separation means. 

[0058] It is reflected by the reflective mirror 62 and incidence of the separated return reference beam is 
carried out to a half mirror 64. At this time, a return reference beam is adjusted by the optical-path-length 
difference adjustment lens 63 prepared between the polarization beam splitter 61 and the reflective mirror 
62 so that an optical-path-length difierence with observation light may be in agreement. 
[0059] While light modulation is carried out with the electrooptical modulator (EOM;Eelectro-Optic 
Modulator) 66 with which return observation light was prepared between the polarization beam splitter 61 
and the reflective mirror 65 at this time, it polarizes plane of polarization lambda/2 with the 
plane-of-polarization revolution component 67 prepared between the reflective mirror 65 and the half 
mirror 64. After polarizing Iffliibda/2 with the plane-of-polarization revolution component 67 by the head 
side of the optical probe 9, in the optical-path-length difference generation section 60; return observation 
light polarizes lambda/2, is doubled, and lambda polarization of it is done by this. 
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[0060] And it interferes in these return reference beam and return observation light by the half mirror 64, 
It is condensed by detection side condenser lens 48a» and one side of this interference light is received by 
photodetection section 32A. Moreover, it is condensed by detection side condenser lens 48b, and another 
side of this interference light is received by photodetection section 32B. 

[0061] And photodetection section 32A and photodetection section 32B carry out photo electric 
translation of the light which received light, respectively to an electrical signal, and these electrical signals 
by which photo electric translation was carried out are subtracted with a subtracter 68, take difference, are 
amplified with amplifier etc., and are inputted into the signal-processing section 35. The signal-processing 
section 35 performs and carries out A/D conversion of the recovery processing, and outputs a digital 
signal to a control section 33. 

[0062] A control section 33 generates the image data corresponding to a tomogram from the inputted 
digital signal. And the generated image data is outputted to a monitor 15 through the video processor 6, 
and OCT image 15b of analyte S is displayed on this display screen. Consequently^ as for optical imaging 
instrument 3B of the gestalt of operation of **** 2, it is more possible than the gestalt of implementation 
of the above 1st for it to be thoroughly in agreement, and for optical-path-length adjustment to be easy 
and for a polarization condition to obtain an OCT tomogram certainly. 

[0063] Drawing 15 thru/or drawing 23 start the gestalt of operation of the 3rd of this invention. (Gestalt of 
the 3rd operation) The outline block diagram in which drawing 15 shows the optical imaging instrument 
of the gestalt of operation of the 3rd of this invention. Drawing 16 thru/or drawing 23 show the concrete 
example of a configuration of the optical-path-length difference generation section of drawing 15 . The 
block diagram of the 1st optical-path-iength difference generation section and drawing 17 drawing 16 The 
block diagram of the 2nd optical-path-lengfh difference generation section. The block diagram of the 3rd 
optical-path-length difference generation section and drawuig 19 drawing 18 R> 8 The block diagram of 
the 4th optical-path-iength difference generation section, For drawing 20 , the block diagram of the 5th 
optical-path-length difference generation section and drawing 21 are [ the block diagram of the 7th 
optical-path-length difference generation section and drawing 23 of the block diagram of the 6th 
optical-path-length difference generation section and drawing 2222 ] the block diagrams of the 8th 
optical-path-length difference generation section. 

[0064] Although the gestalt of the above 1st and the 2nd implementation prepares and constitutes the 
opticai-path-length difference generation section between the optical couplers 23 and the photodetection 
sections 31 which are the 2nd optical separation means, the optical-path-length difference generation 
section is prepared between the low coherence light source 21 and the optical coupler 23 which is the 2nd 
optical separation means, and the gestalt of operation of **** 3 constitutes it. Since the other 
configuration is the same as that of the gestalt of implementation of the above 1st almost, it omits 
explanation, and it attaches and explains the same sign to the same configuration. 

[0065] That is, as shown in drawing 15 , optical imaging instrument 3C of the gestalt of operation of **** 
3 forms the optical-path-length difference generation section 71 between the low coherence light source 
21 and the opticEd coupler 23 which is the 2nd optical separation means, and is constituted. The low 
coherence light from the low coherence light source 21 is transmitted with an optical fiber 72, and is 
separated into observation light and a reference beam by the optical coupler 73 as 3rd optical separation 
means in the opticai-path-length difference generation section 71. And observation light and a reference 
beam have these optical-path-lengths difference adjusted, and are transmitted to the optical probe 9 
through an optical fiber 22. In addition, the optical-path-length difference generation section 71 may be 
formed between the optical coupler 23 and the photodetection section 31, as the gestalt of implementation 
of the above 1st explained, and it may be constituted. 

[0066] Hereafter, the opticai-path-length difference generation section 71 (71A-71H) used for optical 
unaging instrument 30 of the gestalt of operation of**** 3 using drawing 16 - drawing 23 is explained. 
As shown in drawing 16 , the low coherence light which optical-path-length difference generation section 
71 A is delivered with an optical fiber 72 is separated into observation light and a reference beam by the 
optical coupler 73. 
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[0067] It is made parallel light by one head side edge side 72B to observation light side lens 74b of an 
optical fiber, it is reflected by the observation light side reflective mirror 43, and the separated observation 
light returns to the optical coupler 73 side again. On the other hand, it is made parallel light by one head 
side edge side 72A to reference beam side lens 74a of an optical fiber 72, it is reflected by the reference 
beam side reflective mirror 46, and the separated reference beam returns to the optical coupler 73 side 
again. 

[0068] The piezoelectric device 75 which can vibrate in the direction of an optical axis has pasted up this 
reference beam side reflective mirror 46. By a driving signal being impressed from an actuator 34, this 
piezoelectric device 75 vibrates the reference beam side reflective mirror 46 in the direction of an optical 
a?ds, and it is adjusted so that an optical-path-length difference with observation light may be in 
agreement. Moreover, the reference beam side reflective mirror 46 carries out light modulation of the 
reference beam to reflect by vibrating by the piezoelectric device 75, 

[0069] And the return observation light and the return reference beam which returned to the optical 
coupler 73 side branch to an optical fiber 22 with this optical coupler 73 » and are transmitted to the optical 
probe 9 through this optical fiber 22. Thereby, optical-path-length diflFerence generation section 71A is 
adjusting the optical-path-length difference so that the optical-path-length difference of a reference beam 
and observation light may be in agreement, 

[0070] Moreover, as shown in drawing 17 , low coherence light is separated into observation light and a 
reference beam by the optical coupler 73 like the above-mentioned optical-path-length difference 
generation section 71 A, and optical-path-length difference generation section 71 B is made into parallel 
light by observation light side lens 74b and reference beam side lens 74aj respectively. 
[0071] Afler light modxdation of the reference beam made into parallel light by reference beam side lens 
74a is carried out with an electrooptical modulator (EOM) 76, it is reflected in the direction of an optical 
axis by the reference beam side reflective mirror 46 in which forward/backward moving is possible, and it 
returns to the optical 3rd tee 73 side again. This reference beam side reflective mirror 46 is formed in the 
reference beam side stage 47 explained with the gestalt of implementation of the above 1st, and has the 
optical path length of a reference beam adjusted. On the other hand, observation light is the same as that 
of the above-mentioned optical-path-length difference generation section 71 A. Thereby, 
optical-path-length difference generation section 7 IB can adjust an optical-path-length difference so that 
the optical-path-length difference of a reference beam and observation light may be in agreement 
[0072] Moreover, as shown in drawing 18 , after the reference beam and observation light which were 
sep^ated with the optical coupler 73 like the above-mentioned optical-path-length difference generation 
section 71 A are made into parallel light by reference beam side lens 74a and observation Ught side lens 
74b, respectively, light modulation of optical-path-length difference generation section 71C is carried out 
with acoustooptic modulators (AOM;Acousto-Optic Modulator) 77a and 77b. These acoustooptic 
modulators (AOM) 77a and 77b are adjusted so that the optical-path-lengfh difference of a reference beam 
and observation light may be in agreement. 

[0073] And, respectively it is condensed by the incidence end faces 22A and 22B of an optical fiber 22, 
the reference beam and observation light which had the optical-path-length difference adjusted carry out 
incidence by reference beam side lens 78a and observation light side lens 78b, and optical coupling is 
carried out in the optical coupler section 79, and they are transmitted to the optical probe 9. Thereby, 
optical-path-length difference generation section 71C can adjust an optical-path-length difference so that 
the optical-path-length difference of a reference beam and observation light may be in agreement. 
[0074] Moreover, as shown in drawing 19 , the low coherence light which optical-path-length difference 
generation section 7 ID is delivered with an optical fiber 72 is condensed with a condenser lens 81 from 
head side edge side 72a, and a reference beam and observation light are separated by the acoustooptic 
modulator (AOM) 82 as 3rd optical separation means. Distributed adjustment is carried out by the 
transparency mold grating 83, respectively, and condensing incidence of the reference beam and 
observation light which were separated is carried out to incidence end-face 22a of an optical fiber 22 with 
a condenser lens 84, and they are transmitted to the optical probe 9. Thereby, optical-path-length 
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difference generation section 71D can adjust an optical-path-length difference so that the 
optical-path-length difference of a reference beam and observation light may be in agreement. 
[0075] Moreover, as shown in drawing 20 , like the above-mentioned optical-path-length difference 
generation section 71 A, low coherence light is separated by the optical coupler 73 with observation light 
and a reference beam, and optical-path-iength difierence generation section 7 IE is transmitted to head 
side edge Side 72a of an optical fiber 72. 

[0076] And it is reflected by head side edge side 72a of an optical fiber 72, and observation light returns to 
the optical coupler 73 side. On the other hand, it is made parallel light with the parallel lens 85 from head 
side edge side 72a of an optical fiber 72 like the above-mentioned optical-^path-length difference 
generation section 71 A, it is reflected by the reference beam side reflective mirror 46, and a reference 
beam returns to the optical coupler 73 side again. In addition, at this time, as mentioned above, the 
reference beam side reflective mirror 46 carries out light modulation of the reference beam to reflect by 
vibrating by the piezoelectric device 75. Thereby, optical-path-length difference generation section 71E 
can be adjusted so that a gone part of the optical path length from head side edge side 72a of an optical 
fiber 72 to the reference beam side reflective mirror 46 and an optical-path-length difference may be in 
agreement 

[0077] Moreover, as shown in drawing 21 , optical-path-length difference generation section 7 IF provide 
the half nurror 86 which reflects observation light between the parallel lens 85 of the above-mentioned 

optical-path-length difference generation section 7 IE, and the reference beam side reflective mirror 46. 
For this reason, it is reflected by the half mirror 86 and the reference beam separated with the optical 
coupler 73 returns to the optical coupler 73 side again, after being made into parallel light with the parallel 
lens 85. 

[0078] On the other hand, it is made parallel light with the parallel iens 85 from head side edge side 72a of 
an optical fiber 72 like the above-mentioned opticai-path-Iength difference generation section 7 IE, a half 
mirror 86 is passed, it is reflected by the reference beam side reflective mirror 46, and the reference beam 
separated with the optical coupler 73 returns to the optical coupler 73 side again. In addition, at this time, 
as mentioned above, the reference beam side reflective mirror 46 carries out light modulation of the 
reference beam to reflect by vibrating by the piezoelectric device 75. Thereby, optical-path-length 
difference generation section 71F can be adjusted so that a gone part of the optical path length fi-om the 
half mirror 86 to the reference beam side reflective mirror 46 and an optical-path-length difference may be 
in agreement, 

[0079] In addition, optical-path-length difference generation section 7 IF of optical-path-length difference 
generation section 7 IE of drawing 20 and drawing 2121 may use for and constitute an optical circulator 
mstead of being the optical coupler 73, when the observation light and the reference beam which were 
separated are supplied. 

[0080] Moreover, as shown in drawing 22 , optical-path-length difference generation section 71G form a 
half mirror 88 and a half mirror 90 as 3rd optical separation means between the parallel lens 87 and a 
condenser lens 91, and are constituted. The piezoelectric devices 89, such as PZT, paste up a half mirror 
88 on a flank, and the oscillation has become possible in the direction of an optical axis. This piezoelectric 
device 89 vibrates a half mirror 88 in the direction of an optical axis by a driving signal being unpressed 
from an actuator 34. 

[0081] The most passes a half mirror 88 and a half mirror 90, is condensed with a condenser lens 91, and 
mcidence of the low coherence light made into parallel light with the parallel lens 87 is carried out to 
incidence end-face 22a of an optical fiber 22 as an observation light. On the other hand^, reflective 
separation is carried out by the half mirror 90, it is agam reflected by the haff mirror 88, a half mirror 90 is 
passed, it is condensed with a condenser lens 91, and incidence of a part of low coherence light is carried 
out to incidence end-face 22a of an optical fiber 22 as a reference beam. 

[0082] At this time, an actuator 34 drives a piezoelectric device 89 by control of a control section 33 so 
that the optical-path-length difference of observation light and a reference beam may be in agreement, and 
a half mirror 88 vibrates in the direction of an optical axis. Thereby, optical-path-length difference 
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generation section 71G can adjust the optical-path-length difference of a reference beam and observation 
light. 

[0083] Moreover, as shov^^n in drawing 23 , as for optical-path-length difference generation section 71H, 
low coherence light is separated by the optical coupler 73 with observation light and a reference beam like 
the above-mentioned optical-path-length difference generation section 71 A. And it is made parallel light 
by one head side edge side 72A to reference beam side lens 74a of an optical fiber 72, it is condensed by 
reference beam side lens 78a, and the separated reference beam is condensed by incidence end-face 22 A 
of an optical fiber 22. On the other hand, the separated observation light is transmitted to the optical fiber 
22 by which optical coupling is carried out to the optical coupler 79 ftom the other side of an optical fiber 
72, The piezoelectric devices 81, such as a PZT component, are formed and light modulation of the other 
side of this optical fiber 72 is carried out by this piezoelectric device 81. 

[0084] The optical path to these light coupler 73 - ftie optical coupler 79 is formed in die length whose 
optical-path-length difference of observation light and a reference beam corresponds. Thereby, 
optical-path-length difference generation section 71H can adjust an optical-path-length difference so that 
the optical-path-length difference of a reference beam and observation light may be in agreement. 
[0085] (Gestalt of the 4th operation) The outline block diagram in which drawing 24 and drawing 25 start 
the gestalt of operation of the 4th of this invention, and drawing 24 shows the optical imaging instrument 
of the gestalt of operation of the 4th of this invention, and drawing 25 are the head side block diagrams of 
the optical probe of drawing 24 * The optical-path-length difference generation section is prepared in the 
head side of the optical probe 9, and the gestalt of operation of **** 4 constitutes it. Since the other 
configuration is the same as that of the gestalt of implementation of the above 1st almost, it omits 
explanation, and it attaches and explains the same sign to the same configuration. 

[0086] That is, as shown in drawhig 24 , optical imaging instrument 3D of the gestalt of operation of**** 
4 forms the optical-path-length difference generation section 100 in the head side of the optical probe 9, 
and is constituted. The light-scaiming xmit 101 prepared in the head side of the optical probe 9 as shown in 
drawing 25 forms the forward/backward moving forwanHnackward moving half mirror 102 and a half 
mirror 103 in the direction of an optical axis as the optical-path-length difference generation section 100, 
and consists of parallel lenses 57 before a condenser lens 26. The piezoelectric device 104 has pasted up 
the forward/backward moving half mirror 102. This piezoelectric device 104 makes the forward/backward 
moving of the half mirror 102 carry out in the direction of an optical axis by a driving signal being 
impressed fi-om an actuator 34. 

[0087] By making the separated reference beam go twice between the forward/backward moving half 
mirror 102 and a half mirror 103, the gestalt of this opemtion adjusts an optical-path-length difference so 
that it may be in agreement. 

[0088] Thus, as the gestalt of implementation of the above 1st explained optical IMBJIN equipment 3D 
constituted, the low coherence light from the low coherence light source 21 is transmitted to the optical 
fiber 25 in the optical probe 9. Low coherence light transmitted to head side edge side 25a of an optical 
fiber 25 is made into parallel light with the parallel lens 57 like light-scanning unit 36B explained with the 
gestalt of implementation of the above 1st And the great portion of low coherence light made into this 
parallel light passes the forward/backward moving half mirror 102 and a half mirror 103, and it is 
condensed by the object part of analyte 8 with the focus of an objective lens 26 as an observation light. 
[0089] And a part of reflected light of the object part of the analyte 8 from the focus and scattered light 
pass along the above-mentioned optical path as a return observation light, and it returns to the optica! 
coupler 23 side of the body 10 of equipment again. On the other hand, the forward/backward moving half 
mirror 102 is passed, reflective separation is carried out by the half mirror 103, and a part of low 
coherence light made into parallel light turns into a return reference beam* And it is reflected by the 
forward/backward moving half mirror 102, is fiirther reflected by the half mirror 103, incidence is again 
carried out to head side edge side 25a of an optical fiber 25, and it returns to the optical coupler 23 side of 
the body 10 of equipment. 

[0090] At this time, optical-path-length difference 2xdeltaL of observation light and a reference beam 
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becomes the twice to the object part of a half mirror 103 - analyte 8. Moreoverj the optical path length of 
the return reference beam in the forward/bajckward moving half mirror 102 - a half mirror 103 is set to 
2xdeltaLn And in order to cancel optical-path-length difference 2xdeltaL of observation light and a 
reference beam, a piezoelectric device 103 drives an actuator 34 by control of a control section 33 so that 
it may be set to 2xdeltaL=2xdeltaLr, and forward/backward moving is carried out in the direction of an 
optical axis. 

[0091] Therefore, the optical-path-length difference generation section 100 can be adjusted so that the 
optical-path-length difference of observation light and a reference beam may be in agreement 
Consequently, optical imaging instrument 3D of the gestalt of this operation acquires the same 
effectiveness as the gestalt of implementation of the above 1st. 

[0092] (Gestalt of the 5th operation) The outline block diagram in which drawing 26 and drawing 27 start 
the gestalt of operation of the 5th of this invention, and drawing 26 shows the optical imaging instrument 
of the gestalt of operation of the 5th of this invention, and drawing 27 are the block diagrams of the 
optical-path-length difference generation section of drawing 26 . The low coherence light source 
constitutes the gestalt of operation of **** 5 so that it may serve as the 2nd optical separation means. 
Since the other configuration is the same as that of the gestalt of implementation of the above 1st almost, 
it omits explanation, and it attaches and explains the same sign to the same configuration. 
[0093] That is, as shown in drawing 26 , optical imaging instrument 3E of the gestalt of operation of **** 
5 establishes the low coherence light source 121 which serves as the 2nd optical separation means, and is 
constituted. This low coherence light source 121 has covered the feed zone of low coherence light with 
the barrier layer of a high refractive index, makes an optical fiber 22 insert in this part, and is constituted. 
If return light carries out optical coupling of this low coherence light source 121 to a barrier layer, it has 
the property by which outgoing radiation is carried out from an other-end side* 

[0094] Optical imaging instrument 3E of the gestalt of this operation has the optical probe 9 of the same 
configuration as the gestalt of implementation of the above 1st explained, and reflective separation of a 
part of low coherence light is carried out by head side edge side 25a of the optical fiber 25 in the optical 
probe 9, and it returns to the low coherence light source 121 side of the body 10 of equipment again as a 
return reference beam. 

[0095] Moreover, optical imaging instrument 3E of the gestalt of this operation prepares and constitutes 
the optical-path-length difference generation section 122. This optical-path^ength difference generation 
section 122 consists of two half mirrors 122a and 122b, as shown in drawing 27 . 

[0096] Thus, incidence of the low coherence light generated in the low coherence light source 121 is 
carried out to the end of an optical fiber 22, and optical imaging instrument 3E constituted is transmitted 
to the optical fiber 25 in the optical probe 9 through the optical connecter section 20. And by head side 
edge side 25a of the optical fiber 25 in the optical probe 9, reflective separation is carried out and a part of 
low coherence light returns to the low coherence light source 121 side of the body 10 of equipment again 
as a return reference beam. 

[0097] By this low coherence light source 121, optical coupling of the return observation light and the 
return reference beam which returned to the low coherence light source 121 side is carried out to a barrier 
layer, and outgoing radiation is carried out from an other-end side. The return observation light and the 
return reference beam by which outgoing radiation was carried out from the other-end side of the low 
coherence light source 121 are adjusted so that an optical-path-length difference may be in agreement in 
the optical-path4ength difference generation section 122. At this time, return observation light passes half 
mirrors 122a and 122b, and is transmitted to the photodetection section 32. 

[0098] On the other hand, a return reference beam passes half mirror 122a, it is reflected by half mirror 
122b, is again reflected by half mirror 122a toward half mirror 122a, and it passes half mirror 122b, and is 
transmitted to the photodetection section 32. At this time, the optical path length of the return reference 
beam in half mirror 122a - half minw 122b is set to 2xdeltaLr. Optical-path-length 2xdeltaLr of this 
return reference beam is in agreement with optical-path-length difference 2xdeltaL of observation light 
and a reference beam. 
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[0099] And after the polarization condition has been mostly in agreement by the optical path from the half 
mirror 1222b side» it interferes in the reference beam and observation light with these almost equal optical 
path lengths, and they are received in the photodetection section 32. Consequently, in addition to 
acquiring the same effectiveness as the gestalt of implementation of the above 1st, since the low 
coherence light source 121 serves as the 2nd optical coupler, optical imaging instrument 3E of the gestalt 
of operation of **** 5 can be miniaturized, 

[0100] (Gestalt of the 6th operation) The block diagram of the opticai-path-length difference generation 
section of drawing 28 and drawing 30 of the outline block diagram in which drawing 28 thru/or drawing 
30 start the gestalt of operation of the 6th of this invention, and drawing 28 shows the optical imaging 
instrument of the gestalt of operation of the 6th of this invention, and drawing 29 are the enlaiged 
drawings by the side of the optical-path head of the optical-path-length difference generation section of 
drawing 29 , The gestalt of operation of **** 6 establishes and constitutes the optical system to the low 
coherence light source, the 2nd optical tee, the optical-path-length difference generation section, and the 
photodetection section inside an optical end-of-the-probe side. Since the other configuration is the same as 
that of the gestalt of implementation of the above 1st almost, it omits explanation, and it attaches and 
explains the same sign to the same configuration. 

[0101] That is, as shovm in drawing 28 , the optical imaging instrument of the gestalt of operation of **** 
6 forms the optical xmit 150 which prepared the optical system to the low coherence light source, the 2nd 
optical tee, the optical-path-length difference generation section, and the photodetection section in the 
head side of optical probe 9D, and is constituted. With the gestalt of this operation, the optical unit 150 is 
formed in one in the optical way by LN (UNb03 crystal) waveguide. 

[0102] The cable 151 in which the optical unit 150 inserts optical probe 9D has extended. The 
power-source line and signal line which do not illustrate this cable 151 are arranged. XY reflective mirror 
scan 152 which performs a horizontal scanning is formed from the optical unit 150 by the head side, and 
the horizontal scanning of the observation light by which outgoing radiation is carried out from the optical 
unit 150 is carried out. The observation light by which the horizontal scanning was carried out is 
condensed by the object part of analyte 8 through an observation port 154 with a condenser lens 153 with 
this XY reflective mirror scan 1 52. And a part of reflected light of the analyte from the focus and scattered 
light pass along the above-mentioned optical path as a return observation light, and it returns to the optical 
imit 150 side again. 

[01 03] Next, the optical unit 1 50 is explained using drawing 29 and drawing 30 . As shown in drawing 29 , 
incidence of the low coherence light from the low coherence light source 21 is carried out to an optical 
path 161, and the optical unit 150 is transmitted to an optical path 164 through the 2nd intermediate 
optical coupler 162. 

[0104] The optical path 161 is combined with the 2nd optical coupler 162 as optically as an optical path 
163. Therefore, with this optical coupler 162, the return light from analyte branches to an optical path 163, 
and low coherence light is transmitted to the photodetection section 32 side. Moreover, the optical path 
161 is combined with the 2nd optical coupler 162 as optically as an optical path 165. The termination of 
this optical path 165 provides the nonreflective termination 166, such as a resistance plate, so that a 
standing wave may not occur in an optical path. 

[0105] As for the low coherence light transmitted to head side edge side 164a of an optical path 164 as 
shown in drawing 30 , outgoing radiation of that most is carried out as an observation light from this head 
side edge side 164a. And a$ mentioned above, after the horizontal scanning of the observation light by 
which outgoing radiation was carried out from the optical unit 1 50 is carried out with XY reflective mirror 
scan 152, it is condensed by the object part of analyte 8 through an observation port 154 through an 
observation port 154 with a condenser lens 153. 

[0106] And a part of reflected light of the analyte from the focus and scattered light pass along the 
above-mentioned optical path as a return observation light, and it returns to the optical 2nd [ in the optical 
unit 150 ] coupler 162 side again. On the other hand, reflective separation is carried out by head side edge 
side 164a as 1st optical separation means, and a part of low coherence light transmitted to head side edge 
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side 164a of an optical path 164 returns to the optical 2nd [ in the optical unit ISO ] coupler 162 side again. 
[0107] And the return observation light and the return reference beam which returned to the optical 2nd 
coupler 162 side branch to an optical path 163 with this 2nd optical coupler 162,, and are transmitted to the 
optical-path-length difference generation section 170 from the optical coupler 167 as 3rd optical 
separation means. 

[0108] As for this opticaI-path4ength difference generation section 170, the optical path 171,173 is 
optically combined with the optical coupler 167. These optical paths 171,173 are formed in die length 
whose optical-path-length difference of a reference beam and observation light corresponds. Therefore, 
the optical-path-letigth difference generation section 170 is adjusted so that the optical-path4ength 
difference of observation light and a reference beam may be in agreement. 

[0109] It is transmitted to the head side edge side of an optical path 171, it is reflected by the reference 
beam side mirror 172 prepared in the edge of this head side edge side, and a return reference beam returns 
to the optical coupler 167 side. On the other hand, it is transmitted to the head side edge side of an optical 
path 1 73, it is reflected by the observation light side mirror 174 prepared in the edge of this head side edge 
side, and return observation light returns to the optical coupler 167 side, 

[QUO] And it interferes in the reference beam and observation light with these equai optical path lengths 
by the optical path from the optical coupler 167, and they transmit the optical path 175 optically combined 
with this optical coupler 167, and are received in the photodetection section 32. The photodetection 
section 32 carries out photo electric translation of the interference light to an interference electrical signal, 
and this interference electrical signal by which photo electric translation was carried out is outputted to the 
signal-processing section 35 through the signal line in a cable 151. 

[0111] Consequently, since the optical imaging mstrument of the gestalt of operation of **** 6 prepares 
and constitutes the optical unit 150 which formed the optical way in the interior of a head optical probe 
9D side in one in addition to acquiring the same effectiveness as the gestalt of implementation of the 
above 1st, it can realize much more miniaturization. 

[0112] In addition, deformation implementation is variously possible for this invention in the range which 
is not limited only to the gestalt of the operation described above and does not deviate from the summary 
of invention. 

[0113] [Additional remark] 

(Additional remark term 1) The low coherence tight from the low coherence light source is condensed to 
anaiyte. In the optical imaging instrument which has the body of equipment which builds the tomogram 
for analyte from the insertion section which incorporates the return light from this analyte, and the return 
light which connected and incorporated this Insertion section The optical means of communication which 
the low coherence light generated in said low coherence light source is made to transmit, and is irradiated 
to analyte, In order to provide an optical separation means to divide said low coherence light into 
observation light and a reference beam and to double the polarization condition of said observation light 
and reference beam The optical imaging instrument characterized by establishing said optical separation 
means between the termination of said interior of an optical means of communication, or said optical 
means of communication, or said optical means of commxmication and analyte. 

[0114] (Additional remark term 2) Optical imaging instrument given in the additional remark term 1 to 
which the observation light separated with said optical separation means and a reference beam are 
characterized by having the same optical axis in at least said interior of an optical means of 
communication, or the part between said optical means of communication and analytes. 
[0115] (Additional remark term 3) It has the optical interference means in which the return observation 
light by dispersion or echo and said reference beam of said observation light from analyte are made to 
interfere. An optical imaging instrument given in the additional remark term 1 to which the observation 
light separated with said optical separation means and a reference beam are characterized by having the 
same optical axis [ before / at least / a part of / said interference means ] while said interior of an optical 
means of communication, or said optical means of communication and analyte* 

[0116] (Additional remark term 4) Optical imaging instrument given in the additional remark term 1 
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characterized by establishing an optical-path-length difference generation means to generate the 
optic£d-path-length difference of said observation light and said reference beam. 

(Additional remark term 5) Optical imaging instrument given in the additional remark term 1 
characterized by establishing the 2nd optical separation means which divides said low coherence light into 
observation light and a reference beam between said low coherence light sources and said optical means 
of commxmication* 

[0117] (Additional remark term 6) Optical imaging instrument given in the additional remark term 1 
characterized by said optical means of communication being an optical fiber. 

(Additional remark term 7) Optical imaging instrument given in the additional remark term 1 
characterized by said optical separation means being a half mirror. 

[0118] (Additional remark term 8) Optical imaging instrument given in the additional remark term 1 
characterized by said optical means of communication being optical waveguide. 

(Additional remark term 9) Optical imaging instrument given in the additional remark term 1 
characterized by having given the reflective film to the termination side of said optical means of 

communication. 

[0119] (Additional remark term 10) Optical imaging instrument given in the additional remark term 1 
characterized by preparing a photodetection means to detect said return observation light, and said low 
coherence light source in the exterior of said insertion section. 

(Additional remark term 11) Optical imaging instrument given in the additional remark term 1 
characterized by preparing a photodetection means to detect said return observation light, and said low 
coherence light source in the interior of said insertion section. 

[0120] (Additional remark term 12) Optical imaging instrument given in the additional remark term 1 
characterized by the ability of said insertion section to connect with a part including said low coherence 
light source free [ attachment and detachment ]. 

(Additional remark term 13) Optical imaging instrument given in the additional remark term 1 
characterized by having at least one light modulation means. 

[0121] (Additional remark term 14) Optical imaging instrument given in the additional remark term 1 
characterized by having a light-scanning means to make the location of light irradiated to analyte scan on 
the analyte section. 

(Additional remark term 15) Optical imaging instrument given in the additional remark term 1 
characterized by establishmg a condensing means to condense exposure light, between said optical means 
of communication and analytes, 

[0122] (Additional remark term 16) Optical imaging instrument given in the additional remark term 1 
characterized by having the optical attenuating means which decreases the amount of transmitted lights. 
(Additional remark term 17) Optical imaging instrument given in the additional remark term 1 
characterized by having at least one plane-of-polarization revolution component. 

(Additional remark term 18) Optical imaging mstrument given in the additional remark term I 
characterized by having an optical distribution adjustment means. 

[0123] (Additional remaric term 19) Optical imaging instrument given in the additional remark term 1 
characterized by the ability of said insertion section to insert into a coelome. 

(Additional remark term 20) Optical imaging instrument given in the additional remark term 1 
characterized by said insertion section being an endoscope. 

(Additional remark term 21) Optical imaging instrument given in the additional remark term 1 
characterized by said insertion section bemg the probe which can be mserted into the channel of an 

endoscope. 

[0124] (Additional remark term 22) Optical imaging instrument given in the additional remark term 4 
characterized by establishing said optical-path-length difference generation means between said optical 
means of communication and said analytes. 

(Additional remark term 23) Optical imaging instrument given in the additional remark term 5 
characterized by establishing an optical-path-length difference generation means to generate the 
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optical-path-length difference of said observation light and said reference beam, between a photodetection 

means to detect said return observation light, and said 2nd optical separation means. 

[0125] (Additional remark terra 24) Optical imaging instrument given in the additional remark term 6 

characterized by said optical separation means being the end face of said optical fiber. 

(Additional remark term 25) Optical imaging instrument given in the additional remark term 7 

characterized by preparing said half mirror between said optical means of communication and said 

analytes. 

[0126] (Additional remark term 26) Said optical attenuating means is an optical imaging instrument given 
in the additional remark term 16 characterized by said optical damping factor being adjustable. 
(Additional remark term 27) Said optical attenuating means is an optical imaging instrument given in the 
additional remark term 16 characterized by attenuating the reinforcement of a reference beam. 
[0127] (Additional remark term 28) Optical imaging instrument given in the additional remark term 22 to 
which said optical-path-length difference generation means and said optical separation means are 
characterized by having the same common member at least. 

(Additional remark term 29) Optical imaging instrument given in the additional remark term 23 
characterized by arranging said low coherence light source, said 2nd optical separation means, and said 
optical-path-length difference generation means on the same optical axis. 

[0128] (Additional remark term 30) Said optical-path-length difierence generation means is an optical 
imaging instrument given in the additional remark term 23 characterized by constituting from the 1st 
optical-path-length difference generation optical path separated with the 3rd optical separation means and 
this 3rd optical separation means, and the 2nd optical-path-length difference generation optical path with 
the optical path length longer than this 1st optical-path-length difference generation optical path. 
[0129] (Additional remark term 31) Optical imaging instrument given in the additional remark term 29 
characterized by said 2nd optical separation means being said low coherence light source. 
(Additional remark term 32) Optical imaging instrument given in the additional remark term 30 
characterized by said 1st optical-path-length difference generation optical path and said 2nd 
optical-path-length difference generation optical path being optical fibers. 

[0130] (Additional remark term 33) Optical imaging instrument given in the additional remark term 30 to 
which said photodetection means is characterized by detecting the return observation light which passed 
said 1st optical-path-length difference generation optical path among the light which passes said 
interference means, and the return light of the reference beam which passed said 2nd optical-path-length 
difference generation optical path* 

[0131] (Additional remark term 34) Optical imaging instrument given in the additional remark term 30 to 
which said 3rd optical separation means is characterized by being a polarization beam splitter. 
(Additional remark term 35) Optical imaging instrument given in the additional remark term 30 
characterized by forming an optical-path-length adjustable means at least in one side of said 1st 
optical-path-length difference generation optical path and said 2nd optical-path-len^h difference 
generation optical path. 

[0132] (Additional remark term 36) Optical imaging instrument given in the additional remark term 32 
characterized by said optical fiber being a plane-of-polarization preservation fiber. 

(Additional remark term 37) Said polarization beam splitter is an optical imaging instrument given in the 
additional remark term 34 characterized by being prepared so that all the observation light may be led to 
said 1st optical-path-length difference generation optical path and all the reference beams may be led to 

said 2nd optical-path-length difference generation optical path. 

[0133] (Additional remark term 38) Optical imaging instrument given in the additional remark term 34 
characterized by preparing a plane-of-polarization revolution component at least in one side of said 1st 
optical-path-length difference generation optical path and said 2nd optical-path-length difference 
generation optical path. 

(Additional remark term 39) Optical imaging instrument given in the additional remark term 35 
characterized by said optical-path-length adjustable means being an optical-path-length scanner. 
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[0134] 

[Effect of the Invention] As explained above, also when an optical probe is exchanged and used according 
to this invention, without being influenced by change of a polarization condition^ an optical imaging 
instrument with easy optical-path-length adjustment can be realized. 
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3tK«a»3 . IIC)^*flc 1 0 ©36* » 2 3 «tCS 

*)#3®M&<!: b-CWtJf^B:? r -f ^^2 5CD^{Sfll!BiSH2 5 a 

[0 04 6] CCDCitCj:?), #jia3ei»^t<c«K 
fiil2xALtt. 5 8~%a*ti:8®BWSB 

fiia(02fiS£a:D. ±eeH4'eieQ9Ly^jtS£SJ:')& 

[0047] HI lK^-rJ:5«:36r^ia-:?'9B 
t*. 7l'*i^yjl'i^-f>'M 1 0rt«:36:7T-<^-«2 5:£ 

H 1 0«, C<C^iSIHiI*J^t&(<43feci- 
^ u a > h r^s^i^: 1 0 ^ims&ecg^s 

[0 04 81 afc; ^U+WiUi'i'^H lOtt. * 30 
7y-f^^2 505HW!I«C«JBaffl*r*V>X ( CRDl lens 
: Gradient Indsc lens M 1 lSOf:/yX^l 1 2ifi 

T-dryj^a-f>h«:J;0. 7U'^'S^:/X'5^1'7M 1 0 
i^B»SSf^U>J<l 1 iRZf^Vy^M^l 1 2*!ffiEK* 

to 0 4 9 ] -f^'^2 5<D5feSglWSSffl2 5 a(CfeS 

yf^^yXA 1 1 2i&aaL.'C«^3g5 2«:AS*3tiS. 40 
[0050] *t/r. 2K:^-rj;9tcfi3t-i'> 
a^36i 0^18^5 2 

3i68S*a5. WOW*:«:l0©3e*7 7-9 2 3fi!|tC]R 

UT. ±m^=&m*>. »c^g*fl£io©3fe*?.r/5 

2 3H(cH«J:9ec«c^-Cl»S. 50 
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[0 0 5 2] C©i#. fa3g3Ei#M*i ©3688^^2 

3fet©*K^2xAL3^-^-rSj;^>Kiia*f*l 0 
!^©3e8S6^SK3 1 -CjfcBSiBKSnSJi^fcfto-c: 

3B!&5^*i-^T5 J: 5KigSt?*«. 

[00 5 31 im2<Dmii<mm)^i3isLtmiAit 

14»Hl 3©3e:>'ct-:/'©5fe«MM»ri®-C*S, 
2«^Sffi©^». ±£^l©ll«l©^J:>7#Jfi36£ 

[0 0 5 4] m^. misK^ji'iic^mzomto 

U>;^36«?ia-r3iae«3^®=ifc-P>:^3fc«s (JM 
T> fiat-U>;:^36jSt) 2 1 B««0-C«^Sft«. 
C©3t-U>X30B2 1 B-Clfe^LfciiS^^Offia 
t-U>;^36tt, 367r-f^2 2©-S|l(CAS*3ti. -t 
a» 1 ©||ife©J^^AI^SI«C563 ^i- d^W2 0 
3et:^c-:/9i^©*7T-^^-«2 5©jUSWJftiii2 5 a* 

[0055] -eur, El 4Kq?-rj:5R:36:?7-f'-«2 

5©jm{im2 5 a i;tr^s4iA:iaee3i&©e=it 

-U>^^3tWv 5tfflfflJSffi2 5a*>i5ffiW3n, «KI6U 

>X2 8«c<fco«?isi»a©s(i«»aife{cS(*3n> cost 

4^8©sa(|ii|t&©SI436%tfft!iL3&D-«t». M0« 

[0056] CCTE?. *:?7'-f^t2 5©iyfi«IWffi2 5 
a*>6lllJ|f3*lSa^3eK. C©ffi3feffl*. 36^SJLr. 
» h 3 6 DtcSWfc? r 9?'-ci-f'"*S?©(B36nS 
«^'!^8 9(CJt0A/'4«363n'S£^tC. litblf^SjiP 

6©M»)iiyg3e*A/4«3fcsn-c. -tti^xK/zm 

3fe3tlSJ;?>tC«c->rC»-5. 3e7i'-^-»<2 5©5fe 
SMBflHS 2 5 a tCfejSSnfcffia t- l'>:^*©-aiJ 
Ji^i^ 1 ©iei£©^S^:^«|{Cj^|iim2 5 a-e 

ssf^wta ti. wofsa** 1 0 ©3fe* 9 7-923 wsc 

MSJc^tCftrj -elf's, -eL-C. 36*^^7'9 2 3j!!l|{CR 

gjiSn. KO«BS3tiKO#ji36i©36BSIfc!)S-SS: 
[005 7] e^3tlfcM'!)tt^36iR»)#M«tW. 

3fc|g!S^a^6 0 ©wi':'X4 1 -rfVfi^sn, 
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[005 8] ^m$*iftM*)^mMt, mm^^-e 2 
[0 05 9] c«Dilf, m*>Wm^iti. mffti:-J-:^^ 

^3!S (EOM: Eelectro-Optic libdulatnr ) 66 iO 

[ooeo]-ti/^, cn6Rt>#JS*iKoa«?6i 

t%[I]ffiS^t'>X4 8a-C^Sn. jeitffi^3 2 
[006 1] -eiy-C. :j^ffiaS3 2 A. jl^miP3 2 B 

e.3ea^^sn&«M<B#ts> ^5Stg6 8-C«»3n-C 
0 V r >:^#-C«i|i3n-C«#AHiia53 5«:A 

gaSSLTf^i?* Jl^#=£»ll^3 S'vlHr^J-rS. 
[0 06 2] mfSi^3 SU. A^j3tlfc^2^3fJWS^*» 

^^H5«cffi*sn. C©^aM«:«Stfe»8<DOCT 
ill 5b#t^$tl-&. coign, :^2CD^<D0^ 
©36 -f ^ i'iga 3 B ±Sair 1 ©g|*(DJI^® J: 

(CO C TSlrJilb«f9S C <!: ^r«g-C4^ 
[0 0 6 3] (j»3<D^<D^») @I5%(,^U|g|2 3 
»:^%l9<Dl^3<!^ii(D^m^0. IM15tt:^^<D 

i$B9«:l»^m^L/. @1 6»^10!>j|g%S^I^|i<D 
«li£@. m 1 7 l^2<D3e^^^fE«>«^, @ 1 

[0064] ±ffi» 1 . m2<mm(Dimii. n2<m 
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Oijms.. 3tgSS^SgSSffi=»t:-P>vl36iiE2 1 i 
m2<D%&m^@Xibi%i3 ^•:/'72 3 iOKicSW-C 

10065] iPfe. mi5ic^r^'>ic^m3<Dmm<o 
^«©3e-f^-i'>fiise3c», yms^mmsi7 1 
«fii3t-u>;^je»2 1 i3r2©*^»t^ia-c*s56 

*»:r^2 3i<DmK:KWCt»ffi3*ia. ffiat-b^ 
>43l6!g2 l*6©®=ifc-u>>^5ett. 3e:7r'f-'^72 

•ce^sti. mm&ma^m u*3©»303fe^f*^is 

n<&J:9(c/^r>ri«a. nil. dH^mS^^emSSiJ lit, ± 

mm 1 <Dm&<Dimvmm i/fc© tiasKc^fe* ^ 2 

[00 6 61 KT. H16~aZ3*ffll,»t:*»3©38 

j6cDj&3B©3e-f J* " s?> i'ias 3 c Kfflv* 6 nsjisss 
ss^7 1 (7 lA--? iH) ssiwrs. BlieiC 

^J:5(cjB»fiS*SSaiJ71At*. *7r-Y^<7 2-C 

fc - U>>^3S5sW** » i::''^ 7 3T?|)BS* 

[0067] »lSt3tlfc«HSeett. *7t 3fO 

5femiiJ®K7 2 B3a»&i^:«ffl!l^^'X7 4 b-rqzff*tC 
3*1. aig*flllSSt£^-4 3^^3tl-C. Stfj^* 

fc#Rie6l*, r ^^7 2®~-#©i\5ffl«SSffi7 2 A 

*'e#«Si3l6filV>X7 4arW36«:3*i. 

W5 7-4 6-eS8#3ftt:, SC«6*9 5''97 3flI!l»cK 

[0 068] c<D#«ibyii5Sts7-4 6». ^m^sn 

^7 5», ffiS6ig»3 4*>6!g««#AiEnJ!in3nsC:<t 
•C, #JB*«ISI#5 9-4 6*3e«b?I^Kig«|3l*T. 
lffig3Bt©35^SS3as-^'r* J: ^KKSrrSJ: ^ Kite 
a^fc. #li7Bfi!lS« 3 9- 4 6 tt. EE^^!^ 
7 5 tc J: 0 tm-r^ C i-C. Sftf^5#jB3E*3^SSI'r 

[0 06 9 3 -ei/i:. ^v^^ismKig^-oinm^m 

v<2 2'v9>«^3tir, i:®*7T-/-'^2 2«:^>-i/r3fe:?' 

^g^l^7 1Aej:. #M^<!:!a!^:)g£<Qjq&]@fill 

[0 07 0] dEfe, HI 7tufnrJ:'iU:fmBms^ 
7 1 Bt*. ±f3*^MafiS3»7 lAmmiC^ify^ 
9 7 3T7ffiafc-U>v^**s«3S*i#JS*i«C^3 
ti. •etl'e*lilS^III!Jl'>X7 4b. *IS3*MIIH'X7 
4a'C¥ff3ft«C3tl5. 
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[007 1] #M5effl!jL'>;^7 4 at?W36«i:Snfc# 

mss^^sm^ (EOM) 7 6T?3^Ei«snfc 

^snt. ||iy=M3<D3e#fei^7 3ffl!RCM*J:9K:ac 

:3Er. ±ie5EKggS^3!7 ia^r^-c^i. 

[0 07 2] Sft:. eil 8R:n%-rJ:9R:j|&SS£SI^® 

57 3 t?;aiis nfc#jgB(&Rc«siiK3few«n*n#«g* 

lllU>X7 4a. lHS3(5«l'>^<7 4b-C¥ff3fe«:Sn 
fc^. lfa*f^®IS <AOM : Acousto-Optic Modula 
tor ) 7 7 a. 7 7b r*|ESJ3ii«. £:4a6«te^ 
^S(AOM) 7 7a, 7 7b», #M%£«USB&& 

[ 0 0 7 3 1 -etxT. ^M^«3aSStlfe#J(ljg&fil 20 

m^tu, «n^n#ffi^«u>X7 8a. i^Bi^Mu- 

>X7 8 btJ^^y/^-taaOAWiSreSS 2A. 22 B 

[00741 ^/0. g| 1 9 K^TJi'^K.miSSmmm 
71D«. *:?T'f^7 2-cejt3ft*«ai;-U>:^ 
3e*J^iaMJ[SH7 2 a*»i&II^U>X8 1 "c^jesn, 
»30*a]Bl^liliL-C0#aBe^ga!KB (AOM) 8 30 

ttamSifi. SI3tU>ja:8 4^7r'^A2 2©AI««il 
m2 2aK:j||*A**3n. *:/n-5^9'stea3n« J: 

10 07 5] igzOK^-rJr^iCifeKEM^fiSIS 
7 1 E». ±iB3fcl«fil6afi!Eat7 1 AiH««:<S3t- 
^>J^je*t^e*9:/573■C«5S^*i«!l*i^JI»3n 40 

[0 076] -eur. ai^iB*. 3i£:7T>f''<7 2©5^ 
msmi 2 arSUdtit:, "-•r?'^? SM'^-MS J: 

7 1 AiS«JC5K:7r -f^^7 2©5fefigfflBSSiif7 2 a*>6 

jpffp^xaB-c^iTieKSti, #js(5eii(sW5 9-4 

5 9-4 814. ffilKR^7 5K:J:»)8iafrSC:i-C, S 50 
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0, *?Sfi^^l^7 lEK. 3fe7T-Y/<7 2©^sfi8« 
NliS7 2 a :0>&#M)6ffllSSI % 9- 4 6 iE V<lXmSk<0 

[0 0 7 7 ] 02 1 K^^<fc^K:jfelifiM^S? 
7 1 FH:> ±aejeKKfi^£l^7 l E©¥^U>X8 5 

-7 5 9-*8 6*S9:Wri»S. C©ft:to, ^iJvV^^r 
3-eiJ»3*lfc#Jia*». ¥?ft'>X8 5t?iFff*«C3 

7 3ffitcilSJ:5«c&or:i>a. 

[00781 — » r''^ 7 a-c^miHitL^m 

it. jiM^Emm^mi i e tm^ic^-y 7 >f ^^7 2 

tl. /^-7 57-8 8*aB10•C#IS*|II5J|tf5 5-4 
6T?SI#3nr. BtP^fe* s- 7 3 fflijKFSS J: 5 K& 
or(r»^. iiSS. c©&». ±i£l/;tJ:9»:#JSI}1&il!m 
5 5-4 6 tt. EE««^7 5«:j:«J»!!W-SCi-C. S 

Jii3&«is9f s 7-4 6 3E7©jce£©^^. mmm 

[0 0 7 9 ] j^. 32 OO^m^mmi 1 EJ^O^B 

2 1 (DmmsEimi 1 Ft*. ijjiitsnfcws*aof 

(00 8 0] H2 2«:m-rJ:'>«:*KSil*J«aB 
7 1 Gt*. wu:^X8 7 ^Hljfcl'VXg 1 i©lfflK:» 
3©56^l!t#©i 1/^^^-7 5 5-8 8, ^^-7 5 5- 
9 0*|8t*t:«J®S*l-S. /^-7 5 5-8 8tt. PZT 

«©£E«ai^8 Qifimmtcmtsi^x. mrmticmib 

^mmmmrn^ti^ctx. .'^-755-8 8«3B 

[008 1] ¥ff L'>^8 7-C¥tT3fcKStifc<g=it- 
U>5«36t*. ■e©5^:gP^}>5^)S/^-7 5 5-8 8. ^^-7 5 

5-9o*3i»i/Tai3ei'>x9 i-cmt^h-cw^ 

hbT^yr^f^2 2©A*iaSffl2 2aKAf*?nSJ: 
9K:&-9t:^*S. — ®at:-U>X3e©-HW{*. -'^ 
- 5 5 - 9 0 -CSStf^ttStirW Clf^^- 7 5 9-88 

■cS3^3l^r/^-r;5 5-^0SJffia^, ai5tiv>X9 
irJ^3tir#M316tl/-C. *7T-^/-f2 2©A«*8 
®2 2 atcAStsns J:9C&-^,-rt»S. 
[00821 C:©ilf. /\-755-88». 1^364 
#!B3ei®5ia8fi^*J-Scf * J: 'JKSIIffllSBS 3 ©W 
(cj: )}[Si&3{S3 4ifimsm^a 9 «|g|bur. 

mil 1 G», mmt9mti:<Dim^smm-c9 

[0 0 83] B2 3(Ci3%'rJ:9tCjKIS{iM£i^ 
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>X7 4 a-C^tfifetCStl, #M3lH«Ui'X7 8 aTJI 

7 2 cDjS36f«* y 7 9 KjtiS^S^iTl* 
ite^- T -/ ^< 7 2 ©ffi*«B. P Z m^CDffi«^^ 8 

[0084] C:tl6**S'::^5 7 3-36*t^:^77 9* 

as? 1 Ht*. #js«iS8g*i©3a8fiai**-Hrr* J: 

[0 08 5] H2 4RCna2 5t£ 

^^<Dii4(D^©mM(c^ii . 02 4 u^maym 

m. a2 5BS2 4©*3^a--:/«>5H8aiHII«a'C* 

3|^4©*l60Jg«», 36*8S^^«**:?'i3- 
:/9©jfe3iSI!!l«:aiW-C«WE-rS. *nm<0«*S». -h 

[0 08 6]e|Ii&. @2 4(C^'r^^CC4^l^4<z:^^© 

04*:/a-:7'8©itejSIIBK|Swr»fifeSftS. 02 5 
K^f J: 5 «c365'ci - 5^ 9 ©5fe«i!lK:S£Wfc*^A- 
» HO U*. WV>:^5 7 36>6SI*U>X2 8aT? 
©MK. :)l&!Sfilg^lHIl 0 0 £ LT:*<**I^K:jiiiia& 
&a3ilft'>-7 3 9-10 2£, --w^S^-l OSi 

flBR^l 0 4*tflSf3*m»S. C1©£ES^104 

7 5 9- 1 0 a 4*«*I^«ciBii«3*e J: 

[008 7] :$^©^St?K. :»j!ll/fc#M3e%jiia 
tt'^-^ S 5- 1 0 2 5 7-103 i:0ri8'C2 

[0 08 8] C©J:9K«J«3nS*-/j>f-5?>i^3 

D». ±tsmi<omm<me^mhit<!>i:miic&zf 

t-U>^l3^2 1 *>6©®^t:'-^>^36**56^0- 
:?'gW©^7T-/^^2 S'sfi^SnS. 3e7T-f^-52 5 
©|feSSaWJBB2 5 aKeaStifcffiat-l'i':^***. 

±gBir 1 ©si«©a^ss-cs*iBLfc*^a:i » h 3 e b 
iigi|l«:Wu>X5 7-c¥?7*(c3ns. *i/t:. c 
©^ff3feK:snfcfiati-ix>;^5t©:;*:aft9>a:, jiiilft 
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tmmt i/-cstigji'>x2 6©*gjatra«ii*8©Bfi««? 
[0 0 8 9] -eu-c, 't<om^ipfhcomiW8<Dmm^ 

*5S*ai!5, WC»^{a**l 0 ©36*^7 2 3 fflKM 
5 5-10 3-CSI*:»!SIStlt:S?f)#Jlig3fei:3fe 

«. -f-L-c, jiii«^N-7 5 9-i0 2-esi#3nrs 

10 {C-TN-^Sv-l 0 3t?KI=f3nxSCJ9677--f-''C2 5 
<D9^S!mm2 5 a^c^MV. iSSe*:ft:l O©**?*:?^ 

[0 090] =©£#, «^iE£#M3e£©5EKSil2 

xA L«. 5^-103 ~ift«i»8 ©awasas 

-C©2«Sfi«r4. *fc. JIBi«-'>-7S5-10 2-''^ 
-7 5 9-10 3-C©:KiJ#M*©*l8Sa. 2XAL 

rife^. -eux:. ffi^-?i0 3tt, 

i©3iaf8RI62XAL*J!HirrSfca&tc, 2xaL=2 
XALr£9Q:&J:9M@l^3 3©^tcJ:DllRbai34 

[0 09 i]«eor. jEiS£^^iiii|{ioo». tsesBK 

-f ^-S^>i^a 3 Dtt. J: 

[0 092] (»5©^®J^jai) 132 6^0^2 7 tt 
:^mROm&C!>mit<DjmiCM*). 02 6 e£4:;%9a©^ 

132 7 »@ 2 6 ©3l&SS^^I^^(D^^3't?^^. 
*ai5«^e«©3l5«i«. ffi3t-lx>;x3ea5W«. ^2© 

[0 093lRI«v ia2eK^J:'itC^BC!>mt<0 

mm<D^^jt^i?:yif^3Eis:. i»2©3fe»iit#ia* 
aaasfia t- L'>;^363g 1 2 1 saawtwasns. 

c©jgafc-V>:;^36^1 2 Itt. ffi3b-V>;^*© 
#l*&gP&?if)B«f*©fgttB-rSSLT*jf). C©a5»K 

40 4«*©affi*>6aj«3tiSttSI=&«L'-Ct>S. 

[0 0 9 4 ] 3ti:SISt!©Jg«©3e-f^-5?:'i*'SIS3 E 
tt. ±ffim©IIJfi©Jei8t?tiiWbfc©iBI«a«^© 
36:3^0-:/ 9 3e:^D->«'9F«iQ3fc:7r'/-'-t2 5 
©jfcSMlJ«SM2 5 a "Cffin fc- l'>::^*0-a**iSS*^ 

[0 09 5] :*^®J^M®36-f^-^>i^i^a 
3 Ett. 3feiiSS^^® 1 2 2 4a6?-rflt<fiO-C<,>4. 
C©3«aSSiafeH^ 1 2 2 tt. |g2 7R:iitf a:^K:2o 
50 ©/N-7 5 9- 1 2 2 a. 12 2 b-eflftaSSnTd**. 
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[0 09 6] C<D^'>K.mi&Stl?>M'tji-Z»imS 

jib«Slll98a2 5at7. 'Kat- U>::^56©— SSSSWdJ 
[0 09 7] 2 HHtcM-^fcMl) 

2-cmSft**~lS:TS<l:9tCi!|SS3nS. C<D&t. 
KOIffiSifci*. -^-^^S^-l 2 2a. 122b^£fflift 

[ 0 0 9 8 ] -7?, K0#I13et*, 5^-122 

-759-122 a'-'lSl*!-*. 5^-122 

a-eJSl^3n■c/^-7 5 9-l 2 2j)*ii3aur3ei*ffl 20 
aj3 2'^eastis. c©it» -»^-:755-l 22a 

--7%-7a9-122br©H0#JBj6<WeKK»*. 2 
xALri&S. C(DR»)#J!53e©i6BS2XALrt3:, 

[0099]* L/t:. cn63esss*«%i'^L.(r»#M3e 

iS^itt. 5 V- 12 2 2 b«*»6©3BS-C 

SSStiiKjSaiL. ffisit-u.>;:*jeiBl 2 l**»2<t> 
[0 10 0] (l|6(D|lii!®mffi) H2 8«Clr>Lia3 0 
file «E^<W&ffi©3l6-f - J^> i'^g^^rtEBSWlS 

m2 2\m2s<D^^^jm<iMmm. @3o 

lis 2 9 (DjeS;gS£^<Z>3g^5ySHI>IC!? 
3t-U>>^m ^2<Z)36^m WkS^Si^Smt. 

[0 10 1]»ft. ia2 8K:^-rJ:'5«:*||8C!^llfi© 
JK»©*-f-rf-5?>i'SISt4. 3e:/n-:f 9 DtDjtJSflH 

M 5 o»v LN (LiNb03tgji) 

[0 10 2] 3e^3.Ji?» H50Ji. 363^0 -:/0D* 50 
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ji/i 5 1 tt, @^u«ck«ssisi^@^^i^3nri^ 

h 1 5 0*>6fH*fSn488R»**=P^-r5J: 
5tcfe-o-C(,>«, c©XYSS*5 9-:x*i.i'l 5 2-e 
*sPi63Eg nfct^36K. 1 5 3 KJ: 0 1)^ 

% 1 5 4 «^uriil«l^8 <osiK)aifi^(:^5e;sn^<!t 9 

9. SWife^Jt-s' I- 1 6 0fliJK:iaaJ:^>Kftr,t:t> 
5. 

[0 1 03] yttc, 02 9Rcjqa3O*fflt^t:3fe^a:^ 
h 1 5 0*eS?U-r4. H2 9«:5?^J:5K3l6^A^ v 

H5 0». <g3fc— U>XjKjB2 l*»6©ffiafc-U 
>;^*35*^1 6 l«:AI*S*i. j^tfia>ll2«>JEi*f 
^1 6 2*:^l/r36l8l6 4Ke3*iSnSJ:9tca-3-C 

[0 104] 3KIS1 6 IW. 02O36*f :/^l 6 2-C 
3fel«16 3i36^K|S^Sn-CI,»S. C«>* 

* » 1 6 2 tJffia fc- U>;^36tt, tS*i«s6»6©:K 

1 6 S'^^^sti-c^tuata 2M^^$ 

* 1 6 2 t?3lHa 18 5 t*^fi9K»^Snri,* 

fti^i 9 ic:^iiN^©*gKS*l^iS 1 6 6 
[ 0 1 0 5 } a 3 0 eci^ J: 5 (c;^ 1 6 4<ojyi3M^ 
ffil e4a«ceasi^&ffi=«fc-*l'>^t*». 
WfitL<r^^\mM\ 6 4a*>6l^56il/-rHlftf3n 

flflHSftfcTOfeB. J3asofcJ:9KXYS«S9-;^ 

't^r^l 5 2'C7k^^§n)fc«, !l^C15 4S^L/ 
t:Sl7l^P>Xl 5 3(Cj:0i^^l 5 4«:A-L'-C1!^(^ 

[0106] -^l/T. *©«l^3?)>6<Dl!S«%tt©JSl*3feS 
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